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Detailed Description of the Invention 

This invention relates to a low-expanding cordierite 
quality ceramic composition. 

The cordierite quality ceramics obtained by formulating 
5 refined starting raw materials, MgO, Al 2 0 3/ and Si0 3 , into 
a composition of 2MgO • 2Al 2 0 3 • 5Si0 2 , forming the resultant 
mixed powder in a prescribed shape, and firing the formed 
mass of powder or by heating to melt the mixed powder once, 
pulverizing the resultant melt, and thereafter forming the 
10 produced powder in a prescribed shape, and firing the formed 
mass of powder possesses a markedly small thermal expansion 
coefficient as compared with other high purity oxide ceramics . 
Thus, this ceramics is finding extensive adoption as 
honeycombs proper for heat exchangers and as heat-resisting 
15 materials and thermal shock resisting materials such as for 
kettles and stoves. 

This invention is based on the knowledge that the thermal 
expansion coefficient of the aforementioned cordierite 
composition formed of MgO, A1 2 0 3 , and Si0 3 can be further lowered 
20 to a level of not more than 20 x 10" 5 /°C by causisng the 
composition to contain therein a specific metal compound. 

To be specific, the cordierite quality ceramics of this 
invention consists of a base component composed of 10 - 20 
weight % of MgO, 25 - 40 weight % of A1 2 0 3 , and 45 - 65 weight % 
25 of Si0 2 .and and at least one oxide selected from among Ta 2 O s , 
V 2 O s , Nb 2 0 3 , Cr 2 0 3 , Mo0 3 , and W0 3 and added in an amount in the 
range of 0.1 - 10 parts to 100 parts of the base component 
mentioned above. 

Now, this invention will be described below with 
30 reference to working examples thereof. 
Example 1 

Refined MgO, A1 2 0 3 , and Si0 3 were weighed out in amounts 
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calculated to form a proportion shown in Table 1. A mixed 
powder obtained by adding 1.5 parts of Ta 2 O s to the weighed 
oxides was heated and melted once at a temperature in the 
range of 1550 - 1650°C for one hour and suddenly cooled and 
5 vitrified. Subsequently , the produced glass was pulverized 
to not more than 250 mesh, and then press formed in a stated 
shape (5 mm x 9 mm x 30 mm) under a pressure of 500 kg/cm 2 . 
Thereafter, the resultant shaped mass was heated in an 
oxidizing atmosphere at a temperature increasing rate of 5°C 

10 per minute to a level in the range of 950 - 1350°C, retained 
at this temperature for two hours till crystallization 
proceeded thoroughly, and gradually cooled to obtain a 
cordierite quality ceramic. This ceramic was tested for 
thermal expansion coefficient (25 - 800°C) and for water 

15 absorption. The results are shown in Table 1. 
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Table 1 



Sample 
No. 


Base component 
(weight %) 


Additive (part 
by weight) 
Ta 2 0 3 


Thermal 
expansion 
coefficient 
(x 10- 6 /°C) 


Water 
absorption 
(%) 


MgO 


A1 2 0 3 


Si0 2 


1 


15 


25 


60 


1.5 


1.98 


8.8 


2 


20 


25 


55 


1.5 


1 .03 


9.8 \ 


3 


20 


35 


45 


1.5 


1 .98 


9.6 \ 


4 


15 


40 


45 


1.5 


1 .23 


9.4 


5 


10 


40 


50 


1.5 


1.99 


9.3 


6 


10 


35 


55 


1.5 


1.98 


9.8 


7 


20 


30 


50 


1.5 


1 .05 


9.2 


8 


13 


30 


57 


1.5 


1.64 


8.8 


9 


18 


30 


52 


1.5 


1.02 


9.8 


10 


13.8 


34 .9 


51.3 


1.5 


0.09 


4.6 


11 


17.5 


35 


47.5 


1.5 


1.20 


9.1 


*12 


10 


27 


66 


1.5 


2.3 


8.0 


*13 


22 


28 


50 


1.5 


2 .43 


9.6 


*14 


15 


43 


42 


1.5 


2.48 


9.1 


*15 


8 


39 


53 


1.5 


2.35 


8.9 


16 


a commercially available cordierite 
quality ceramics 


2.42 


9.8 



The asterisk (*) indicates an experiment deviating from 



the scope of this invention. 

5 

As shown in Table 1, the cordierite quality ceramics 
of this invention (Samples No. 1 - 11) composed of 10 - 20 
weight % of MgO, 25- 40 weight % of Al 2 0 3 , and 45 - 60 weight % 
of Si0 2 and made to add thereto 1.5 parts by weight of Ta 2 0 3 

10 showed no appreciable effect in water absorption but a 
conspicuous improving effect in thermal expansion coefficient 
as compared with the ceramics having compositions outside 
the proper range of this invention (Samples No. 12-15) and 
a commercially available cordierite quality ceramics (Sample 

15 No. 16) and the sample of No. 10 showed these properties in 
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the smallest magnitudes. 
Example 2 

The cordierite quality ceramics manufactured by 
following the procedure of Example 1 while fixing the 
5 proportions of base components of the main component at those 
of the composition of Sample No. 10, i.e. 13.8 weight % of 
MgO, 34.9 weight % of Al 2 0 3 , and 51.3 weight % of Si0 2 , which 
manifested the most conspicuous effects and changing the 
amount of Ta 2 0 3 in the experiment of Example 1 were tested 
10 for the properties mentioned above . The results were as shown 
in Table 2 . 



Table 2 



Sample 
No. 


Additive (part 
by weight) 


Thermal 
expansion 
coefficient 
(x lO- 6 /°C) 


Water 
absorption 
(%) 


Remark 


Ta 2 0 5 


*17 


0 


2.54 


12 .3 




*18 


0.05 


2.21 


11.0 




19 


0.1 


1.90 


9.3 




20 


0.5 


1.01 


4.3 




21 


1.5 


0.90 


4.6 


Sample No. 10 
of Table 1 


22 


2.0 


0.91 


5.1 




23 


5.0 


1 .08 


5.2 




24 


7.0 


1 .38 


6.1 




25 


8.5 


1 .52 


4 . 5 




26 


10.0 


1.99 


4 . 0 




*27 


12.0 


2.30 


5.4 





The asterisk (*) indicates an experiment deviating from 
the scope of this invention. 



15 As shown in Table 2, the cordierite quality ceramics 

of this invention (Samples No. 19 - 26) made to contain 0.1 
- 10 parts of Ta 2 0 5 based on a total of 100 parts of MgO, A1 2 0 3/ 
and Si0 2 showed an improving effect in thermal expansion 
coefficient as compared with a ceramic omitting this addition 
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(Sample 17) and ceramics making this addition outside the 
range (Samples No. 17, 18, and 27) and particularly the 
cordierite quality ceramics of Sample No. 21 (Sample 10 of 
Table 1) which was made to add 1.5 parts of Ta 2 0 5 showed the 
5 properties in the smallest magnitudes. 
Example 3 

Cordierite quality ceramics manufactured by following 
the procedure of Examples 1 and 2 while incorporating 1.5 
parts of one or more oxides selected from among Ta 2 0 5/ V 2 0 5/ 
10 Nb 2 O s , Mo0 3 , and W0 3 in a base component composed of 1 3. 6 weight % 
of MgO, 34.8 weight % of Al 2 0 3 , and 51.3 weight % of Si0 2 were 
tested for the properties mentioned above. The results were 
as shown in Table 3. 



Table 3 



Sample 
No. 


Base 
component 
(part by 
weight ) 


Additive (part by weight) 


Thermal 
expansion 
coefficient 
(x 10- 6 /°C) 


Water 
absorption 
(%) 


v 2 o 5 


Nb 2 0 5 


cr 2 0 3 


M0O3 


W0 3 


Ta 2 0 5 


28 


100 


1.5 












1.01 


6.3 


29 


100 




1.5 










1.08 


7.5 


30 


100 






1.5 








1.18 


6.5 


31 


100 








1.5 






1.30 


7.2 


32 


100 










1.5 




1.16 


6.8 


33 


100 


0.75 




0.75 








1.10 


7.1 


34 


100 


0.75 










0.75 


1.01 


7.1 


35 


100 




0.75 






0.75 




1.12 


6.9 


36 


100 






0.75 


0.75 






1.10 


6.7 


37 


100 










0.75 


0.75 


0.98 


6.4 


38 


100 






0.5 


0.5 




0.5 


1.40 


6.5 



15 



As shown in Table 3, the cordierite quality ceramics 
having V 2 0 5/ Nb 2 0 5 , Cr 2 0 3 , M0O3, andW0 3 singly contained therein 
as an oxide for addition to the base component composed of 
MgO, A1 2 0 3 , and SiQ 2 (Samples No. 28 - 32) exhibited thermal 
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expansion coefficients approximating closely to that of the 
ceramics additionally incorporating Ta 2 0 5 (Sample No. 10 in 
Table 2) and the ceramics having these oxides added in the 
form of a combination of two or more members as in Samples 
No. 33 - 38 exhibited equal effects. 

The reason for this invention to limit the proportions 
of the base components, MgO, A1 2 0 3 , and Si0 2 , respectively 
to the ranges of 20 - 20 weight %, 25 - 40 weight %, and 45 
- 60 weight % is that the compositions falling in these ranges 
produce sinters which are formed mostly of cordierite crystals 
having small thermal expansion coefficients and manifest such 
effects as indicated in the brackets for Samples No. 1-11 
in Table 1 and that the compositions falling outside the ranges 
produce sinters containing cordierite crystals in a small 
proportion and forsterite and other crystals in a larger 
proportion and, therefore, showing large thermal expansion 
coefficients as indicated in the brackets for Samples No. 
12 - 15 in Table 1. 

The reason for selecting Ta 2 0 5 , V 2 0 5 , Nb 2 0 5 , Cr 2 0 3 , M0O3, 
and W0 3 as oxides for addition to the base component mentioned 
above is that one or more of these oxides manifest the effect 
of further improving the low expansion property of cordierite . 
This effect manifests conspicuously when the range of addition , 
0.1 - 10 parts, based on 100 parts of the base component 
mentioned above is satisfied as indicated in the brackets 
for Samples No. 19 - 26 in Table 2. 

Since the cordierite quality ceramic compositions 
according to this inventions have such very small thermal 
expansion coefficients as falling below 20 x 10"" 6 /°C as 
described above, they bring a great benefit when they are 
utilized for honeycomb structures in heat exchangers, for 
fire gratings in kettles and stoves, and for heat resisting 



materials and shock resisting materials in heating units. 
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MgO 
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1 
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1. 9 8 


8. 8 


2 


2 0 


2 5 


5 5 


// 


1.0 3 


9.8 
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( aa% ) 
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A 1 O - 
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3 








1. 5 


1. 9 8 


9. 6 


4 








// 


1. 2 3 


9. 4 


5 


1 0 


4 0 


5 0 


// 


1.9 9 


9. 3 


6 








t/ 


1. 9 8 


9. 8 


7 


9 n 




C A 


// 


1.0 5 


9. 2 


8 


1 O 


q a 
O U 


o / 


// 


1. 6 4 


8.8 


9 


1 O 


o U 


e; 9 


// 


1.0 2 


9. 8 


1 0 


X o- o 


^ d. Q 


^ 1 ^ 


// 


0. 9 0 


4. 6 


1 1 


17 5 


3 5 


4 7. 5 


// 


1. 2 0 


9. 1 


* 1 2 


1 0 


2 7 


6 6 


// 


2.3 


8.0 


* 1 3 


2 2 


2 8 


5 0 


// 


2.4 3 


9. 6 


* 1 4 


1 5 


4 3 


4 2 


// 


2. 4 8 


9. 1 


* 1 5 


8 


3 9 


5 3 


// 


2. 3 5 


8. 9 


1 6 




2. 4 2 


9. 8 



m i fi<c^$n£ii<9m*%icTMgo i o ~ 25 uss^y 2 

20%, AI 2 O 3 2 5~40%, Si0 3 4 5~ HiS^lj 1 ©^IC^Sag^©!^^**, ^ 
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( x i o- Q /°c ) 




« m 
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* 1 7 
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2. 5 4 


1 2.3 




* 1 8 


0.0 5 


2.2 1 


1 1.0 




1 9 


0. 1 


1. 9 0 


9. 3 




2 0 


0.5 


1.0 1 


4.3 




2 1 


1.5 


0. 9 0 


4. 6 
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2 2 


2.0 


0. 9 1 


5. 1 




2 3 


5.0 


1.0 8 


5.2 




2 4 


7. 0 


1. 3 8 


6. 1 




2 5 


8.5 


1. 5 2 


4. 5 




2 6 


1 0.0 


1. 9 9 


4.0 




* 2 7 


1 2.0 


2. 3 0 


5. 4 
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17.1 8 42 7 )«CikLT}WtlBH*ftffl3c#«c »&t±* 1. 5 aS6te-£ L Ji>fc^«±IEI|ifi^!l 1 

10 )0±oTa 2 O 5 ^ 1.5»^/;3->' t^flOSEL fc*j!r*£-|g 3 *Ctj**- o 

5-f t-KKSIif'M^^lfc, * 



S5 
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ss 2ra » (MSO 


(xio-Vc) 


W 


v 2 o 5 


Nb 2 0 5 


Cr 2 0 3 


M 0 O 3 


wo 3 


Ta 2 0 5 


2 8 


10 0 


1. 5 












1. 0 1 


6.3 


2 9 


// 




1. 5 










1.0 8 


7. 5 


3 0 


// 






1.5 








1. 1 8 


6.5 
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1. 5 
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7. 2 
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7 8 
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